Synthesis and characterization of boron complexes of the types PhB(OH)(HPO), PhB(HPO) 2 , PhB(0°N n 0) and PhB(O n N°S) (where, HPO,
INTRODUCTION
Boron and its compounds occupy a unique position in the development of inorganic chemistry because of the complexity of the structures and subtle types of bonding. Further more, the synthetic flexible characteristic of boron, which has a wide range of applications in various disciplines, has attracted a number of investigators in the field. Recently, interest has also been sustaiije^l in the structural aspects of compounds containing boron-nitrogen bonds " . Schiff bases are characterized by the presence of an azomethine group (>C=N-), which offers one of the coordination sites through the donor nitrogen atom. These find applications as algaecides and plant growth regulators an^j their pharmacological applications as anticancer, antitubercujostatic , antj^umor and anti-inflammatory agents. Their uses as antiviral , antibiotic and anaesthetic agents have been described. These findings have stimulated us to synthesize and characterize the boron complexes of the following organic moieties:
were determined by the Rast camphor method. IR spectra (as KBr disc) were recorded on a Perkin-Elmer 577 Grating Spectrophotometer in the range of 4000-200 cm' . The electronic spectra were recorded in methanol on a Pye Unicam SP8-100 spectrometer. Η NMR spectra we^ Recorded in DMSO-d 6 using TMS as the internal standard at 89.55 MHz.
Β NMR spectra were recorded on the same spectrometer.
Biological Screening
All the organic moieties and their corresponding boron complexes were tested for the in vitro growth inhibitory activity against pathogenic Fungi, viz., Fusarium Oxysporum, Alternaria alternata and bacteria, viz., Staphylococcus aureus and Xanthomonas compestris.
Proper temperature, necessary nutrient and growth media free from other microorganisms were employed £pr the preparation of cultures of fungi and bacteria using aspetic techniques
Antifungal Screening
The antifungal activity of the complexes was evaluated by the agar plate technique at 200, 100, 50 and 25 ppm using a fine suspension of the compound in methanol. The fungi were gr<^wn in agar medium (glucose, starch, agar agar and 1000 ml of water) at 25±2 C. The linear growth of the fungus was obtained by measuring the diameter of the colony after four days and the percentage inhibition was calculated by the following relationship:
C and Τ are the diameter of fungus colony in the control and test plates, respectively.
Antibacterial Activity
The bacterial activity was evaluated by paper disc plate method 15 . The nutrient agar medium (peptone, beef extract, sodium chloride and agar agar) and 5mm diameter paper disc of Whatman No.l were used. The compounds were dissolved in methanol in 500 and 1000 ppm concentrations. The filter paper discs were soaked in different solutions of the compounds, dried and then placed in Petri plates previously seeded with the test organism. The plates were incubated for 24-30h at 28±3 C and the inhibition zone around each disc was measured.
RESULTS AND DISCUSSION
Reactions of phenyldihydroxyborane with monofunctional bidentate HPOH have been carried out in 1:1 and 1:2 molar ratios in dry benzene. On the other hand, the reactions with bifunctional tridentate organic moieties have been carried out only in 1:1 in dry benzene. These reactions proceed with the liberation of the benzene-water azeotrope as : PhB(OH) + HPOH -> PhB(OH)(HPO) + HO ^ Ζ PhB(OH) 2 + 2 HPOH PhB(HPO) 2 + 2 H.,0
These reactions are quite facile and can be completed in 8-1 Oh of refluxing. The resulting complexes are slightly soluble in methanol and chloroform and soluble in DMSO. These are monppieric a^d non-electrolytes. Spectral studies comprising UV, IR and NMR (Η, Β and C) spectra support the proposed structure of the compounds.
Electronic Spectra
The electronic spectra of HPOH, HO°N n OH, HO n N^SH and boron complexes were recorded in methanol. The electronic spectra of organic moieties exhibit three bands at ca.230, 270 and 320nm. The bands at ca.230 and 270nm are possibily due to π->π* transitions within the benzene ring and around 320nm may be due to η-»π* transitions of the azomethine group. However, in the boron complexes these bands remain unaltered. No shifting in the position of third band indicates that nitrogen atom of the >C=N group does not take part in coordination in this case.
Infrared Spectra
In the IR spectra of organic moieties broad bands at 3400-3200cm" 1 are assigned to vOH due to the phenolic OH. This band disappears in case of complexes indicating the possible loss of proton on complexation and subsequent formation of B-0 bond. The azomethine stretching frequency around 1620cm" remained unaltered in the complexes. Several new bands of medium t <j > strong intensity in the region 1345-1360, 800±10 and ca. 1220cm" in the boron complexes are due to v(B-O), v(B-S), and (Ph-B) moiety, respectively.
NMR Spectra
The proton magnetic resonance spectra of organic moieties and their complexes have been recorded in DMSO-d 6 . The following structural inferences have been drawn by comparing the spectra of organic moieties with those of the corresponding boron complexes (Table III) .
The disappearance of the -OH proton signal in case of complexes indicates the deprotonation and complexation through this functional group. The signal due to the NH protons attached to the phenyl ring remain unaltered in the complexes. The disappearance of the NH resonance signals of HO°N n OH and HO^N n SH in the case of the complexes provides evidence for the complexation through this functional group. The NH 2 protons remain almost unchanged. 
EXPERIMENTAL
All the glass apparatus with standard quickfit joints was used throughout. Adequate precautions were taken to exclude moisture from the system. The chemicals and solvents used were dried and purified by standard methods before use.
Preparation of hydrazinecarboxamide and hydrazinecarbothiamide
Hydrazinecarboxamide and hydrazinecarbothiamide of 2-hydroxy-Nphenylbenzamide were prepared by the condensation of HPOH with semicarbazide hydrochloride (in presence of sodium acetate) and thiosemicarbazide in 1:1 molar ratio in alcoholic medium. These were prepared by refluxing the reacting solution for 2-3h. On cooling, crystals separated out which were recrystalized in the same solvent and finally dried in vacuum (Table I) . 
Synthesis of Organoboron(lll) Complexes
The unimolar and bimolar reactions of phenyldihydroxyborane with monofunctional bidentate (HPOH) and unimolar reaction with (HO n N n OH) and (HO°N n SH) were carried out in dry benzene. The reaction mixture was refluxed for several hours on a fractionating column and the progress of the reaction was monitored by the liberation of the azeotrope water/benzene. After the completion of the reaction, the excess of the solvent was distilled off and the product was dried in vacuo. It was repeatedly washed with dry cyclohexane and again dried for 3-4h (Table II) . Thes complexes where recrystallized in a solution of benzene and ether (1:1). were determined by Kjeldahrs and Messenger's methods, respectively. Conductivity measurements in dry DMF were made by a Systronics conductivity bridge type 305 and molecular weights complex proteins into simpler proteins and these in turn are utilized by fungus and bacteria. The lower concentration of complexes can arrest the growth of fungi and the higher concentration inhibits the growth of organisms almost completely. So it is assumed that organoboron(III) complexes inhibit enzyme production or may disorganise the lipoproteins leading to the cell death. Further, toxicity of these complexes to microorganisms may be due to uncoupling of oxidative phosphorylation and the disruption of cell structure of the permeability of the effected cell membrane resulting in leakage of enzymes. 
B NMR Spectra
The n B nuclear magnetic resonance is observed between δ 24.28 and 32.10 ppm (Table III) . This supports a tricoordinated environment around the boron atom. On the basis of above spectral studies following tricoordinated structures can be proposed for organoboron compounds.
Biological Activity
The results (Tables IV and V) show that there is a considerable increase in the toxicity of the complexes as compared to the organic moieties i.e. complexes are inhibiting the growth of fungi and bacteria to a greater extent than organic moieties and activity increases at higher concentration. The pathogens secrete various enzymes which are involved in the breakdown of activity appear to be specially suspectible to inactivation by the ion of the complexes. The complexes facilitate their diffusion through the lipid layer of spore membrane to the site of action and ultimately killing them by combining with -SH groups of certain cell enzymes. According Lawrence et al.
biocidal activity of complexes against various microorganisms depend on the impermeability of the cell.
Thus it is clear from fungicidal and bactericidal screening data that all the boron complexes are more toxic than their parent organic moieties against the same microorganism. From bactericidal data, it is apparent that the complexes are more effective towards Gram(+) stain as compared to Gram(-) stain due to the difference in the structure of the cell walls. The walls of Gram(-) cells are more complex than those of Gram(+) cells. The lipopolysaccharides form an outer lipid membrane and contributes to the complex antigenic specificity of Gram(-) cells.
